biogenic. Among hydrocarbons, PAHs are a wide spread class of environmental pollutants that are carcinogenic and mutagenic. Under this consideration, the United States Environmental Protection Agency (USEPA) classified 16 of them as priority pollutants (2) . Considerable amounts of petroleum products are discharged into the marine environment through runoff, industrial and sewage effluents, storm water drains, shipping activities, spillage and natural oil seeps can also be important in some areas. Significant changes in hydrocarbon composition can occur due to selective dissolution, evaporation, chemical and photo-oxidation and biodegradation. Short chain alkanes and simple aromatics are rapidly lost, but complex cyclic molecules are rarely affected and can be particularly useful in source investigations (3) . A high abundance of aliphatic hydrocarbons in water is a potential source of pollution. Sides from anthropogenic sources, hydrocarbons also have several natural sources, such as terrestrial plant waxes, marine phytoplankton and bacteria, biomass combustion and digenetic transformation of biogenic precursors (4) . The odd/even n-alkane concentration ratio betweenC 10 and C 34 , commonly referred to as the carbon preference index (CPI), has been used to indicate their sources. Pristane (Pr) to phytane (Ph) ratio is also of interest since high values are reliable indicator of the absence of petroleum and clearly indicate a marine biological origin (5) although low values do not reflect the presence of petroleum (6) . As for the unresolved compounds, the UCM hump is generally considered to be a mixture of many structurally complex isomers and homologues of branched and cyclic hydrocarbons that cannot be resolved by capillary gas chromatography (GC) columns (7) . The presence of UCM is the sign of a petroleum input and/or the presence of biodegraded complex mixture of hydrocarbons. Its relative importance, expressed as the ratio of unresolved to resolve compounds (UCM/R), is commonly used as diagnostic criteria of pollutant inputs. The threshold value of UCM/R that confirms the widespread presence of petroleumrelated residue is 4 (8) . Regarding hydrocarbon contamination has highlighted severe contamination (particularly by oil) in areas subject to revering discharges, navigation routes and ports (9) . Hydrocarbons in water originate from several sources which have been grouped into the following categories (10) (1) petroleum inputs; (2) hydrocarbons (especially PAHs) released as the result of partial combustion of fuels; (3) PAHs originating from forest and grass fires (transported to the marine environment via Aeolian (atmospheric) and fluvial (reverie) processes); (4) biosynthesis of hydrocarbons by marine or terrigenous organisms; (5) early digenetic transformation of non-hydrocarbon natural products to hydrocarbons. PAHs are a group of over 100 different compounds with fused benzene rings (11) prominent in smoke, soot, and exhausts resulting from the incomplete combustion of carbon compounds, such as petroleum (12) . The environmentally significant PAHs are those molecules that contain 2 to 7 benzene rings. PAHs are divided into two groups based on their physical, chemical, and biological characteristics (13) . The lower-molecular-weight PAHs, for example, the 2 to 3 rings of PAHs such as naphthalene's, fluorenes, phenanthrenes, and anthracenes, have significant acute toxicity to aquatic organisms. The high-molecular-weight (HMW) PAHs, containing 4 to 7 rings, from chrysene to coronenes, do not cause acute toxicity but are known to be carcinogenic (14) . Sixteen PAH compounds have been identified as priority pollutants due to their toxic, mutagenic, and carcinogenic characteristics (15) . Due to their low water solubility and high lipophilicity, PAHs are easily and rapidly absorbed by organisms and can be accumulated in aquatic organism or adsorbed onto the surface of suspended matter, get deposited on the sea floor and be passed onto the marine food chain. Sources of PAHs can be either petrogenic, from petroleum-related activities or pyrogenic (pyrolytic), from the incomplete combustion of diesel fuel and engine oil (16) wood, coal, biomass of forest, grass fires, waste incinerators, and fossil fuels that are used in industrial operations and power plants (17) . Inlet and outlet water of (SOPC) is located in Zietyia area about 2-3 km south west of Suez city and close to the most important and famous international way ) Fig. 1 (. The (SOPC) is the first national petroleum refinery in Egypt, since 1921. The company processes various kinds of crude oils and producing the following finished oil products: fuel gas, propane, butane, gasoline, jet fuel, and kerosene and gas oil. The petroleum companies take water from Suez bay and mixe it with fresh water to utilize in washing the crude oil. The amount of wastewater discharged to the Suez bay is 360000 m 3 /day industrial wastes only (18) . The aim of this study is to describe the distribution of petroleum hydrocarbons (PAHs and AH) and to evaluate an environmental risk assessment from PAHs contamination. In order to determine the level of pollution, the customary practice is to compare the results obtained from the analysis with the others that were sampled from similar regions. This study is aimed to provide useful data for the environmental assessment initiatives for maritime sector for such future studies.
Materials and Methods

Area of study on the Suez Gulf
The Suez Bay is the entrance of Suez Gulf and limited by latitudes 29 0 50` and 29 0 56` N and longitudes 32 0 30` and 32 0 36` E. It is an important shipping route for oil tankers and other ships traveling through the Suez Canal, the Suez Gulf to be wholly affected by the discharged pollutants ) Fig. 1&2 (. Outlet and Inlet of (SOPC) is located in area about 2-3 km south west of Suez city and close to the most important and famous international way. The minimum areas and dimensions for discharge basin as a final design: number of channels, (n) = 2, the maximum width, (B) = 55m. Depth, (d) = 3.5 m. length, (L) = 148m (18) . Sampling station have selected to appreciate the direct influence of associated oil activities Suez Gulf relative to a reference background level represented by the discharge basin of (SOPC). 
Collection of wastewater samples
The samples are collected from the different sites in the studied area as described in Table 1 & Fig. 2 . The surface wastewater samples (0-2cm) were taken from the drainages using plastic water sampler for wastewater analysis, the sample size was (3L) for analysis and cleaned before use; they were rinsed several time in (0.1N) HCl for several days and then rinsed and protected in diluted acid to prevent degradation of oil to give proper result of analysis. During the period of study, the wastewater samples are collected from two sides of the location and mixed to make composite sample which represents one station. Extraction of petroleum oil from seawater samples 100 ml of the surface seawater sample was shaken with 100ml of carbon tetrachloride in a separating funnel for 15 min. After 30 sec agitation and 3 min settling period, the aqueous layer was discarded. The process was repeated until all of seawater sample has been extracted. The obtained extract was dried using anhydrous sodium sulphate (30g). The extract was then transferred to a weighted beaker and finally evaporated by electrical furnace at 60 0 C till constant weight (19) .
The oil content was calculated as: ng of oil/L = (A-B) x10 9 m L of water sample where: A &B are the weight of flask after and before extraction.
Gas chromatography analysis
All the oils-extracted from the studied water samples were analyzed using capillary column according to the standard test method IP318/75 (20) for Analysis and Testing of Petroleum and Related Products. Agilent Technologies7890 A, Gas Chromatograph System, FID with HP-5, 30m Length, 0.320mn film thickness capillary Column. The Carrier gas was helium at flow rate of 2ml/min. The injection volume was 0.1 µI. Oven temperature increased from 80•C with a rate of 3•C/min up to 300 •C. The injector temperature and detector temperature were 320 •C.
High-performance liquid chromatography analysis
PAH identification and quantification in the extracted oil was performed using HPLC technique (21) . The apparatus used was water HPLC 600, Auto Sampler 616 Plus, Dual Absorbance Detector 2487, attached to a computerized system with Millennium 32 Software. The following were the HPLC conditions: the sample volume was 100 μl; the column used was Supelcosil LC-PAHs 15 cm, 4.6 mm ID, 4-μm particles; mobile phase was achieved using a acetonitrile/water ratio of 60:40 and was changed gradually to 100 % acetonitrile within 20 min. The flow rate was 1.2 ml/min, and the detector used was a UV type, 254 mm.
Ultraviolet analysis
Ultraviolet analysis was carried by UV/VIS/NIR Spectrophotometer (USA) V-570 JASCO, UV/VIS/NIR Spectrophotometer. The oil samples extracts were dissolved in small amounts of n-hexane, Scanning range 200 -600nm, the absorbance (A) was measured and their ratios were calculated as A205/ A215, A228/A256, A248/A267, A248/A278 (22) .
Fourier transforms infrared spectral analysis (FT-IR)
This technique was used for the characterization of petroleum and its degradation compounds dispersed in samples. Infrared allows us to give a picture of an oil ´s health and also whether any contaminants are present such as fuel or coolant. The sample as dissolved in carbon tetrachloride (A.R.) and introduced into quartz cell for analysis. Nicolet IS-10 FT-IR, Thermo Fisher Scientific model Nicolet IS-10, CS-Q 01, AKX0901119012A0607 was used in the range 4000-500 cm -1(23) .
Results and Discussion
Analysis of oil extracted from Suez Gulf waters
Oil content Results of gravimetric and GC-analysis show that oil content along Suez Gulf ranged from 4105 up to 24664 ng/L. The lowest concentrations at beach of oil pipelines 4105 ng/L while, Attaqa Electrical Station 24664 ng/L was the most polluted station in the investigated area. The reason lies in the station uses water for cooling and discharges 1000m 3 /day of wastewater to the Suez Bay. Steady decline of oil content was observed towards beach of oil pipelines (Table 2 & Fig. 3 ). On the other hand, outlet of (SOPC) represents oil content concentrations ranged between 5577 to 23657 ng/L, the values show decline by increasing the distance far away the outlet center, as a result of water circulation and prevailing water currents inside the basin. Moreover, inlet of (SOPC) recorded 6991 ng/L, this is due to the inlet and outlet of (SOPC) which located at 2-3 km south west of Suez city and close to the most important and famous international way, Suez Canal (Fig. 2) . (SOPC) is the first national petroleum refinery in Egypt, since 1921, main activity of Suez Oil Company is the refining of oil to produce petroleum derivative products like naphtha, kerosene, gasoline, asphalt, petroleum coal and sulfur. The company has the production line for producing petroleum coal through coaling towers as well as sulfur beside; the company is located neighboring of Al -Nasr Petroleum Company in the south, the company discharges oily wastewater into the Suez Gulf, the discharge rate is 360,000 m 3 /day (18) , a decline in hydrocarbon concentration as we move from Attaqa Electrical station 24664 ng/L in to beach of oil pipelines 4105 ng/L in agreement with the prevailing water currents from the north to the south of the Gulf beside the nature of recreational activities at the beaches. Moreover, these locations received pollutants from factories outflow, industrial wastes, the shipping inputs from loading and unloading in Suez Gulf, de-ballasting of oil tankers in preparation of loading during off-shore drilling and from coastal refineries and other sources. In comparison with other studies dealing, the values of petroleum hydrocarbons in the present study (Table 2) . Moreover, other authors (29) reported petroleum hydrocarbon ranged from 14545 to 65455 with an average of 28659 ng/L in the seawater of Damietta Harbor (Mediterranean Sea) also, concentration ranged between 18800 and 412000 ng/L with an average of 147200 ng/L recorded in the Red Sea (Saudi Arabia Coast) (30) . In addition, values between 4300 -546000 ng/L with average concentration 111000 ng/L in the Arabian Gulf (Saudi Arabian Coast) and Suez Canal (31) . Moreover, Suez Gulf displays values between 53200-376950 ng/L winter and 3888-7460 ng/L summer with average 11900 winter and 5376 ng/L summer, respectively (19) , also Suez Gulf (32) displays values 5639-74800 and 1868 -65698 ng/L with average 34460, 15340 ng/L for summer and winter, respectively. These results reflect the influence of discharges from the petromin refinery (oil refinery) and also, of loading and unloading Tanker cargos at the oil terminal. Nevertheless, these data suggest that the level of petroleum hydrocarbons is higher than the level fixed by meteorology and Environmental Protection Administration of Saudi Arabia (33) . Generally, the total content of petroleum hydrocarbons recorded in the Suez Gulf is higher than that authorized by the Egyptian law of Environment No. 4 /1994 (50 μg /L) (28) . The studied area has the potential to the maritime workshop of the refinery plant. Therefore, these areas have the potential to contaminate the adjacent waters with oil. However, total hydrocarbon concentrations in the study area were higher than those found by several authors in other coastal water, this is due to the Gulf Suez was suffering from extensive chronic petroleum pollution inputs from different sources, as its evident in vicinity summed pipelines company terminals, which include both floating and landbased receiving terminals. The transportation traffic results in chronic marine pollution discharges of oil ballast water and tank washings by vessels, operational spills from vessels loading or unloading at ports, accident spills from foundered vessels, and leaks from vessels in transit in the Suez bay. It is generally stated that water could be considered polluted when the hydrocarbon concentration is higher than (2.0 ug / L) (34) . Gas chromatographic analysis Gas chromatographic profiles Surface water samples gave chromatograms similar to those obtained for petroleum weathered profiles which are consisting of a number of peaks, representing abundant peaks over a wide n-alkanes range starting from n-C 10 up to n-C 37 (Fig. 4&5 ), these n-paraffin's are standing out an equal distances above are relatively low envelop of unresolved compounds (UCM) (Fig. 5) , the isoprenoid pristane and phytane are well resolved. The primarily feature of the GC patterns for stations are the bimodal n-alkanes distributions S.NO.8, (Fig.5 ) and has been proposed as originated from mixed contributions of terrestrial plant waxes and petroleum sources from tanker ballast washing (35) . Biogenic sources for hydrocarbons are indicated by the dominance of the odd n-alkanes (nC 17 , nC 19 , nC 25 and nC 29 ), which are synthesized by marine algae and higher plant waxes (36) while, S.NO. (5) (Fig. 5 ) shows more weathered cured oil profile with high concentration of n-alkanes especially in the range of nC 18 up to nC 33 . On the other hand, the profiles of n-alkanes show a homogenous distribution between odd and even number of carbons without any predominance. This fact was confirmed by the CPI (Carbon Preference Index), values close to unity could indicate an oil contamination. However, Table 3 shows values ranged between, 3.812-81.832 from CPI which indicate microbial contributions of long chain n-alkanes or microbial alteration of terrestrial n-alkenes (34) cannot be excluded. It is noted that large envelop of unresolved complex mixtures (UCM) was the major chromatographic feature observed for this sample. (Table 3) , which shows a general distribution of n-alkanes ranged between nC 10 and nC 37 ; compounds lighter than n-C 10 could be lost during the evaporation of extraction solvent. This distribution appears bimodal for most samples (Fig. 5 & 6) , the first mode consisting in short chain n-alkanes are predominant and bimodal nalkane distribution. The dominant peaks are mainly nC 17 , nC 27 , nC 29 and n C31 in most samples. This feature is related to plank -tonic (37) and terrestrial plant wax sources (38) . Nevertheless, some samples show higher abundance of nC 18 and nC 19 over n C17 , which is often attributed to bacterial sources. The biogenic source is also confirmed by the presence of n-alkenes, identified in the range of nC16 to nC 21 , nC 15 to nC 19 n-alkenes are related to algal sources (39) and are phytoplankton biomarkers (40) . On the other hand, the profiles of n-alkanes show a homogenous distribution between odd and even number of carbons without any predominance. This fact was confirmed by the CPI (Carbon Preference Index), values close to unity could indicate an oil contamination. However, microbial contributions of long chain n-alkanes or microbial alteration of terrestrial n-alkanes cannot be excluded.
Tn-alkanes / Iso-alkanes
Normal alkanes are usually degraded more rapidly than the isoprenoid alkanes (19) . So this ratio is used as an index for the degree of weathering (mainly biodegradation). This ratio decreases with increasing weathering (41) , results obtained for samples (Table 3) show the following sequences respectively for increasing biodegradation, weathering 6<3< 1 <5< 9 < 8 <2<4<7. The relatively higher differences between the sequences and that of the other parameters are due to the differences in the added biogenic hydrocarbons specially that of nC 25 .
UCM
In addition to the chromatographically resolved compounds, an unresolved complex mixture (UCM) of hydrocarbons is present in most samples (Fig. 5& 6) in the range nC 25 to nC 35 . However, in some samples, it appears as a bimodal hump in the range nC 17 to nC 25 and nC 29 to nC 35 . The UCM is generally considered as a mixture of many structurally complex isomers and homologues' of branched and cyclic hydrocarbons that cannot be resolved by capillary columns (42) . Further, the presence of the UCM in the aliphatic fraction is considered as the most important indicator of petrogenic pollution by weathered or degraded petroleum residues (43) when, the maximum height occurs mainly in the higher molecular weight. Yet, it has also been linked to bacterial degradation of natural organic inputs (algal detritus). The (UCM %) 8.434 to 88.340% varies from ng/L moreover, resolved components (R %) exhibit values between 11.66 to 91.566 % ( Table 3 ).
The ratio of the unresolved to resolved components (U/R) has been calculated for most samples. Usually U/R > 4 is used as a criterion for the presence of important petroleum residues (8) . In this study, four samples show U/R > 4, S.NO.8 (6.1241), S.NO.5 (6.286), S.NO.2 (7.570) and S.NO.4 (4.692), these results can be explained by the nearness to continental activities from different sources, beside refinery companies which discharge their wastewaters to the Gulf Suez, the rest of samples revealed values between 0.0921 to 2.130 indicating biogenic contamination.
Isoprenoids, Pristane (Pr) and phytane (Ph) are the most common isoprenoids detected in surface seawaters (44) . They are present in most of our samples. The ratio of pristine vs. phytane (Pr/Ph) has been used as an indicator of the redox conditions in contaminated wastewaters; the Pr/Ph ratio is higher than one confirmed biogenic contamination (45) as recorded in S.NO.3 (1.8837). From Table 3 the ratio Pr/Ph in all our samples is lower than1.0ranging from 0.6099 to 1.1765 confirming a petrogenic contamination (46) . On the other hand, the ratios nC 17 /Pr and nC 18 /Ph, usually used as indicators of hydrocarbon degradation (47) indicate, for most samples, degraded material of biogenic inputs, however, most samples show high values of nC 17 /Pr ratio which could be related to the relatively high contents of nC 17 in several stations.
Carbon preference index (CPI)
Biogenic hydrocarbons are characterized by a distribution pattern of n-alkanes showing odd carbon numbered alkanes being much more abundant than even carbon numbered alkanes mainly in the range of (nC 21 to nC 33 ) resulting in high CPI values, which is defined as the sum of the odd carbon numbered alkanes to the sum of even carbon numbered alkanes. On the other hand, petroleum oils are characterized by CPI values around 1.0. Thus CPI data from surface seawater samples ranged from 1.6445 to 81.832, (Table 3 ) which reveals a biogenic contamination origin. But this assumption cannot be accepted by discussing the profiles of the chromatograms obtained which are shown to be typically petrogenic origin (38) . Thus the CPI values were calculated again without taking in consideration the value of (nC 25 ) peak areas. The results show that the CPI* corrected values are ranging from0.6390 to 1.8771.This indicate that petrogenic origin is mainly predominating, while little biogenic contaminations can be detected especially that of (nC 25 ). nC 14 -nC 18 
/ five isoprenoid in between ratio
The ratio of n -alkanes /isoprenoids is defined as the ratio of the sum of nC 14 nC 18 over the sum of farnesane, trimethylC 13 , norpristane, pristane and phytane (20) , this ratio is often used to indicate the degree of biodegradation, weathering, because n-alkanes are readily degraded than the branched species, 17 
-nC 25 ratio
This ratio is used to indicate the addition of Algal biosynthesized hydrocarbons and /or degree of weathering (23) . Data obtained from studied samples show that most of samples exhibited close values between 1.0106 and 1.0018, this means no significant variations in degree of weathering. On the other hand, the rest of samples had slightly higher values ranged from 1.0303 up to 1.1679 being exposed to less weathering effects, (Table 3) .
Weathering ratio WR = (nC 23 -nC 34 ) / (nC 11--nC 22 ) (39) , the weathering ratio which varies from 1.8094 to 111.182 indicating high weathering (Table 3 ). This can be confirmed by observing the low concentrations of low molecular weight, n-hydrocarbons (Fig. 5 & 6 ).
Low molecular weight (LMW) / High molecular weight (HMW)
The ratios of low molecular weight (LMW, sum of nC 10 to nC 20 ) to high molecular weight (HMW, sum of nC 21 to nC 34 ) (48) . It appears that for all stations, the concentrations of nC 10 to nC 20 hydrocarbons were less concentrated than the longer chain (>20) n-alkanes. LMW/HMW n-alkanes are indicated in Table 3 . It has been reported that LMW/HMW ratios that are less than unity 1.0 usually represent nalkanes produced by higher plants, marine animals and bacteria, while LMW/HMW ratios close or greater than unity 1.0 suggest n-alkanes that are mainly from petroleum and plankton sources (49) . As summarized in Table 3 , the LMW/HMW ratios which are all lower than unity for all samples, ranged between 0.0063-0.5460 indicating the presence of n-alkanes in the surface water which is mainly from biogenic-originated contaminations. 
PAH concentrations in surface waters
The mean total concentrations of 16 PAHs poly-aromatic hydrocarbons in surface waters ranged from 13.352 at (125m.), from the drainage center at the east of (SOPC) and 205398.76 ng/ at Inlet of (SOPC) (Fig. 6) , the highest concentration at Inlet of (SOPC) 205398.76 ng/L due to the Suez Gulf is used in many areas as a recipient for wastewaters from different sources, which highly polluted it with wastes from drains directly into it. The amount of PAHs detected there is obviously related to urban runoffs, sewage discharges, and intense shipping and oil refinery activities, ship breaking and oil seepage from industrial activities near the study area, lead to high concentrations of total PAHs. Additionally, boats and ships transports in these regions were discharging black smokes throughout their movement; hence there are many nonpoint sources in the bay, contributing to the wide variations of PAH concentrations detected. Moreover, the level of (PAHs) are found to vary widely depending on sites with the west coast of discharge basin recorded higher value than the east coast ones, this is consistent with the direction of the water currents and winds from the west to the east side's within the basin. Similarly, high concentration 184007.91 ng/L was also found at El-Suez beach, which is close to sewage outlet from Attaqa Electrical station have a surface area of about 4 km along the Suez Gulf. Many of the samples from drainage of (SOPC) and beach of oil pipelines represented concentrations in excess of ng/L, suggesting that the water in the area was heavily contaminated by PAHs. Such a wide range of PAHs at different concentrations indicates that there are potentially many different sources of PAHs in the area, possibly including combustion followed by oil residues, sewage outfalls, and industrial wastewater. From the distribution of PAHs in water alone, it is difficult to differentiate these different sources of input, nevertheless, collected from different locations along the Suez Gulf. The data can act as an indication of the potential impacts of such high levels of PAHs on the local ecosystems. The total PAH concentrations found in water along the Suez Gulf, are several orders of magnitude higher than those detected in various other studies around the world. Similarly, comparable high levels of PAHs were also found in seawater samples of Daya Bay, China 4228-29320 ng/L (50) and northern Spanish 190-28800ng/L (51) . In addition, to values recoded between 8660-46740 ng/L in Mumbai Harbor Line, India (52) . Although PAHs do not show extremely high acute toxicity to aquatic organisms, the lower molecular mass compounds tend to exhibit higher lethal toxicity than the larger PAHs (53) . And above all this lethal concentration (LC50) down to less than 10000 ng/L has been reported for various organisms (54) beside, represent value ranged between 52811-559096 ng/L in Alexandria coast, Egypt (55) Suez, Gulf recorded values 3115-252786, 15392-66718 ng/L (56) for winter and summer, respectively, also Suez Gulf revealed values between 1640-39139 and731.7-219373 ng/L (57) for summer and winter seasons ( Table 4) . The PAH concentrations detected in water samples of Inlet (SOPC)and El-Suez beach clearly (Fig. 7) show that these results are higher than the safe limits of the EPA National Recommended Water Quality Criteria for the protection of aquatic life and human health (200 ng/L) (58) . The total PAH levels at the Inlet of (SOPC) and El-Suez beach and EL-Sukhna of Loloh beach are significantly higher than the maximum admissible concentrations of the European Union of 200 ng/L (58) , also, these are either within or higher than that of the Annual Average Environmental Quality Standards (AA-EQS) of European Water Framework Directive (WFD)for individual PAHs, which states that the safe range for PAHs is from 2.0 × 10−2 to 2.4 g/L (59) . In addition, water with total PAH concentrations above 10000 ngL−1 can be ranked as heavily contaminated by PAH pollutants (60) . 
PAH composition
The composition pattern of PAHs by ring size for the samples collected from the Suez Gulf is shown in Table 4 and Fig.7 . The high-molecular-weight PAHs of four rings (FIu, Pyr, BaA, and Chr), five rings (BbF, BkF, BaP, and DahA) and six rings (IP, BP) were dominated by HMW-PAHs (4-6 rings), representing the range of 0.085-100%, which are likely derived from anthropogenic activities (61) such as incomplete fuel combustion of the boats, ships, and vehicle engines. However, the lower-molecular-weight PAHs of two rings (Nap) and three rings (Ac, Ace, F, Phe, and Ant) made up zero and 99.917% of the total PAH concentrations, respectively. LMW-PAHs (2-3 rings) were the lowest abundant components in water samples. The results suggest a relatively recent local PAHs source which entered into the seawater due to the inefficient two-stroke outboard engines of most boats in Suez Gulf that usually involve the discharge to the water of about 20% of fuel without burning (62) . The water sample represented an approximately equal content of HMW-PAHs 0.085-100 %, and LMW-PAHs zero -99.917% (Fig.7) , which probably reflects both anthropogenic activities and recent local PAH sources due to the tourism boats and ships activities dissolved onto the surface waters. 
Identification of PAH sources
The difficulty in identifying the PAH sources relies on many factors, the possible coexistence of many origins of pollutants and the transformation process that PAHs can undergo before or after discharged to the surface waters (63) . The level of Benzo [ghi] perylene (BP), 883.355ng/L recorded in beach of oil pipeline S.NO.9 (Table 5 ) and this compound has the fingerprint of a combustion engine and is more abundant in soot (64) . Moreover, Benzo [a] pyrene (BaA), the most carcinogenic pollutant of all PAHs (58) reveals values ranged between 0.378 and 98.763 ng /L, (Table 5) . A study supported that the phenomenon of BP emission coming from engines (61) . The study mentioned that the highest abundance of BP was recorded at S.NO.9 which found vicinity to EL-Sukhna of Loloh beach where, the tourism boats and ships activities along the Suez Gulf and that incomplete fuel combustion was its source. Therefore, the amount of BP measured in site 9 was most probably related to the incomplete fuel combustion of the boats and vehicle engines that were extensively used in the Gulf. The petrogenic source is a result of the direct input from petroleum and its products, while the pyrogenic sources are a result of incomplete combustion of fossil fuels (65) . The calculated ratios for the LMW/HMW for all stations were between 0.027 and 1211.002, ( Table 6 ) which suggests that the sources of PAHs from both pyrogenic (ratio of <1) and petrogenic (ratio of >1) (64) . Some stations derived their PAHs from both sources. However, this generally suggests that PAHs can be largely attributed to combustion with a contribution from petrogenic sources. Distinguishing the sources of PAHs by the diagnostic ratios chosen could reveal the inputs of the pyrogenic material. Moreover, the diminution of the level of low-molecularweight PAHs which ranged between <1 -81947.295 ng/L in some stations compared to high-molecular weight PAHs ranged between 13.352 -199998.96 ng/L (Fig. 8) can also reflect a lesser amount contributed by petrogenic sources due to the direct discharge of unburned fuel of the two-stroke engine boats. 
UV spectral analysis
The UV spectra for oils extracted from the seawaters are pointed to in Table 5 . All the studied samples have the same basic features (Fig.9) , depict distinguished bands around 205, 215, 228, 248, 256, 274 and 278nm. This denotes that different aromatic classes are present in the extracted oils (66) . Four absorption bands ratios were calculated from the UV spectra recorded in Table 5 . The first ratio 205/215 has the same nearly value for all locations excluding location 2 (1.136) which has a slight higher value. This indicates low concentrations for mono-aromatic hydrocarbons (23) . The second ratio 228/256 ranged between 0.808-0.905 ng/L, with a good an agreement between samples 1(0.868), 5 (0.862) and 7(0.866) also, both of S.NO. 3&4 have the same value (0.905) exhibit the typical concentrations value. This ratio has been taken as a good parameter for petroleum input, which reveals different sources of oils polluted these areas and is constant for oil and independent on oil concentration. The third ratio 248/267 has values varying between 0.883 and 0.915 ng/L with averaging concentration 0.871 ng/L this ratio is significant for di-aromatic hydrocarbons (20) . The last ratio 248/278 ranging from 0.751 to 0.874ng/Land good matching between samples, this ratio is significant for poly-aromatics hydrocarbons indicating the presence of different types of poly-aromatics, these aromatics are described as the most carcinogenic compounds which have great toxic and harmful effects threaten human life (67) . Fig. 9 . UV absorption spectra for oils extracted from water samples along the Suez Gulf .
FT-IR spectral analysis
FT-IR spectra for the oils extracted from the Gulf water samples are shown in Fig.10 and presented in Table 6 . The characteristic bands for aliphatic hydrocarbons appear as strong bands at 3600 cm -1 due to OH stretching, NH stretching beside, CH stretching in aromatic ring at 3100 cm -1(20) . A strong band at 2924 and 2853cm -1 due to a stretching vibration of methylene groups (Vas CH 3 ) and (Vs CH 2 ) stretching vibration, respectively (23) . Strong bands at 1462cm -1 due to (δas CH 3 ) bending stretching of aliphatic hydrocarbons, vibration of CH 3 group and medium band at 1377 cm -1 due to (δsCH 3 ) bending of CH 3 group (20) . Medium band at 740 cm -1 due to out of plane bending of =C-H group in mono and poly-nuclear aromatics. Indeed, weak band of Cis-disubstituted alkenes (vinyl) appears at 670 cm -1 . Finally, an intense band in the region at1724 cm -1 due to carboxylic ester (68) . 
Conclusion and Recommendations
This article provides important information on levels and sources of contamination by aliphatic and polycyclic aromatic hydrocarbons in surface waters sampled within the Suez Gulf. Quantitative analysis, made by gas chromatography, as well as its deducted geochemical parameters (UCM, Pr/Ph, CPI) allows to conclude that hydrocarbon's origin could be linked to biogenic (plankton and terrestrial plants) and petrogenic inputs attesting of an oil contamination. The highest anthropogenic hydrocarbon inputs were found near the Refinery Company and Attaqa Electrical station with an unresolved complex mixture of aliphatic hydrocarbons, indicative of petrogenic inputs. PAHs contamination is closely related to petroleum spills, shipping, sewage input, and industrial activities. Molecular ratios indicated that PAHs in the surface waters were mostly petrogenic in origin likely due to shipping activities, whereas pyrogenic origin was found for PAHs in some sample probably due to the high combustion inputs and urban runoffs from urbanized areas.
Comparison of the concentration range with a worldwide survey of surface waters PAH concentrations ranked PAH. PAH concentrations detected at the Inlet of (SOPC) site were sufficiently high to pose a risk to marine organisms if they are exposed continuously to this concentration. Hence, continuous monitoring of the ecosystem is highly warranted. The presences of aliphatic and aromatic hydrocarbons were confirmed by both FT-IR analysis and UV absorption spectra. Data on the aliphatic and polycyclic aromatic hydrocarbons found in this study can be used as baseline reference concentration for future monitoring programs. Nazik, A. F., Mohamed, I., Omayma, E. A. 65-68 (1986) .
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